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(54) HIGH-STRENGTH AUSTENITIC HEAT-RESISTING STEEL WITH EXCELLENT WELDABIUTY 
AND GOOD HIGH-TEMPERATURE CORROSION RESISTANCE 



(57) A high-strength austenitic heat-resisting steel 
that has excellent weldability and good high-temperature 
corrosion resistance and can exhibit excellent perform- 
ance when used as the material of boilers to be used 
under the conditions becoming more and more severe. 
The steel comprises less than 0.02 % (by mass, the 
same will apply hereinbelow) of carbon, at most 1 .5 % 
of silicon, 0.3-1.5 % of manganese, at most 0.02 % of 
phosphorus, at most 0.005 % of sulfur, 1 8-26 % of chro- 
mium, 20-40 % of nickel, 0.5-10.0 % of tungsten, 0.05- 
0.4 % of niobium, 0.01-0.2 % of titanium, 0.003-0.008 % 
of boron, 0.05-0.3% of nitrogen, and if necessary at least 
one member of 0.5-2.0 % of molybdenum and/or 0.001- 
0.05 % of magnesium, 0.001-0.05 % of calcium and 
0.001-0.15% of rare earth element (REM), and the bal- 
ance consisting of iron and inevitable impurities. 
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Technical Field 
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C: 
Si 
Mr 

40 p ■ 



Increasing steel ouftiv <*rvw ii ' sucn ' nave a 

Disclosure of the Invention 

p. ■ i .._ - . 



less than 0.02%, 
S': not more than 1.5% 
Mn: 0.3-1.5%, 
p ■" not more than 0.02%, 

s : not more than 0.005% 

Cr: 18-26%; 

Ni: 20-40%, 

W: 0.5-10.0%, 

45 Nb: 0.05-0.4%, 

Tl ' 0.01-0.2%, 

8 - 0.003 - 0.008%, and 

N - 0.05-0.3%, 
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the balance being Fe and unavoidable impurities 



the balance being Fe and unavoidable impurities 
(2) A h,gh-strength austenhfc ^Jl* 
resistance property j 

Mo 0.5 - 2.0%. 



0-001 - 0.05%, 
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Ca : 0.001 - 0.05%, and 

Rare earth elements (REM) : 0.001 - 0.15%. 

Brief Description of Drawings 

5 

Figure 1 is a graph showing the effect of Mo and W on the high-temperature corrosion resistance property of 20 Cr 
- 25 Ni steel. 

Figure 2 is a graph comparing the creep rupture strengths and high-temperature corrosion weight losses of invention 
steels and comparison steels. 

w Figure 3 is a graph showing the results of Varestraint tests conducted on steels containing the main alloying elements 
other than C within the ranges of the invention and on SUS347H. 

Best Mode for Carrying out the Invention 

75 The reasons for setting the ranges of the alloying elements in the invention in the foregoing manner will be explained. 

C: 

It is necessary to reduce C content as far as possible for preventing high-temperature cracking during welding and 
20 ductility degradation. Based on tests, the upper limit of C content was set as follows for securing good weldability. Figure 
3 shows the results of an evaluation of weldability by Varestraint tests conducted on steels containing the main alloying 
elements other than C within the ranges of the invention (Cr : 20%, Ni : 25%, W : 3%) and having varied C content (■ 
in the drawing) and on SUS347H (corresponding to comparison steel K in the examples set out later; □ in the drawing). 
The conditions of the test were, test piece thickness : 5 mm, welding method : GTAW, welding voltage :10 V, welding 
25 current : 80 A, welding velocity : 80 rnm/min, and applied strain : 2%. Based on the tests results, and aiming at a content 
on a par with SUS347H. the upper limit of C content for securing good weldability is set at less than 0.02%. 

Si: 

- 30 Si not only is effective as a deoxidizing agent but is also an element which improves oxidation resistance and high- 
temperature corrosion resistance property, but an excessive Si content reduces creep rupture strength, toughness and 
weldability. The upper limit is therefore set at 1 .5%. 

Mn: 

35 

Mn is an element which has deoxidizing activity and improves weldability and hot workability. For obtaining sufficient 
deoxidation and a sound ingot, the lower limit of Mn is set at 0.3%. Since an excessive Mn content degrades oxidation 
resistance, however, the upper limit is set to 1.5%. 

40 Cr : 

Cr is an indispensable element for oxidation resistance, water vapor oxidation resistance and high-temperature 
corrosion resistance property. For securing properties at least as good as prior art austenrtic stainless steels, the lower 
limit of Cr content is set at 18%, which is the same as the Cr content of austenitic stainless steels. However, since 
45 increasing Cr content lowers the stability of the austenite and weakens the high-temperature strength and further pro- 
motes formation of an intermetallic compound a phase and reduces toughness, the upper limit is set at 26%. 

Ni: 

so Ni is an element required for increasing the stability of the austenite and suppressing formation of an intermetallic 
compound a phase. An Ni content of not less than 20% is necessary for ensuring stability of the austenite against the 
content of Cr and other ferrite forming elements. On the other hand, since an Ni content exceeding 40% is disadvanta- 
geous from the aspect of price, the Ni content is set at 20 - 40%. 

55 Mo. W : 

Mo and W are both elements which markedly increase high-temperature strength as by entering solid solution. 
Neither has much effect when added at less than 0.5%. while addition of W at more than 1 0% leads to precipitation of . : 
intermetallic compounds such as Laves phase and reduces creep rupture ductility. When Mo is added alone, the high- 



3 



EP 0 708 184 A1 



temperature corrosion resistance property worsens as the Mo content increases. On the other hand, tests show that 
adding W alone does not degrade the high-temperature corrosion resistance property and that adding it in combination 
with Mo improves the high-temperature corrosion resistance property over that of a steel added with Mo alone. Therefore 
W is always added, and the range thereof is set at 0.5 - 1 0%. As Mo in particular degrades the high-temperature corrosion 
resistance property when added in excess of 2.0%, even when added in combination with W, it is added, when required, 
at 0.5 - 2.0%. 



Nb,Ti: 



10 



15 



Nb and Tl markedly improve long-term creep rupture strength by forming minute carbo-nitrides. Since this effect is 
not obtained when the Nb content is less than 0.05% or the Ti content is less than 0.01%, the lower limits of Nb and Ti 
content are set at 0.05% and 0.01%. Although the aforesaid effect becomes more pronounced as the content of Nb and 
71 soluble at the solid solution treatment temperature increases, adding Nb and Ti in excess of the solution limit degrades 
the creep rupture strength owing to the undissolved carbo-nitrides that remain. Therefore, the upper limits of Nb and Ti 
content are set at 0.4% and 0.2%, and for increasing the solid solution (Nb + Ti) content within these ranges, Nb and Ti 
are added in combination. 



B: 



20 



25 



B is an element which has the effect of enhancing intergranular strength and increasing creep rupture strength 
However, since this effect is small at less than 0.003% and a content exceeding 0.008% degrades weldability and hot 
workability, the B content range is set at 0.003 - 0.008%. 

P: 

Since P markedly degrades weldability when added in a large amount, its upper limit is set at 0.02%. 

S: 

so - Since S segregates at the grain boundaries and degrades hot workability and also promotes intergranular brittleness 
during creep, its upper limit is set at 0.005%. 

N : 

35 N is an element which markedly improves creep rupture strength by solution strengthening and formation of nitrides 
At a content of less than 0.05%, N cannot offset the loss of strength resulting from the reduction of C content for improving 
weldability, while addition at more than 0.3% produces little increase in long-term creep rupture strength but degrades 
toughness. Therefore, the N content range is set at 0.05 - 0.3%. 

40 Mg, Ca, rare earth elements (REM) 

While these elements purify the steel by deoxidation and desuifurization, thereby enhancing hot workability, for 
obtaining this effect it is necessary to add at least one of them at not less than 0.001%. However, since addition in excess 
of Mg : 0.05%, Ca : 0.05%, REM : 0.15% has the opposite effect of impairing hot workability, the respective addition 
45 ranges are set at Mg : 0.001 - 0.05%, Ca : 0.001 - 0.05%, REM : 0.001 - 0. 1 5%. 

Examples 
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The invention will now be explained with reference to specific examples. 

Table 1 and Table 2 (continued from Table 1) show the chemical compositions and material properties of tested 
steel specimens. After solution treatment at 1 250°C . these steels were subjected to creep rupture test at 700 and 750°C 
and to high-temperature corrosion test at 700°C . The creep rupture strength data was organized using the Larson-Miller 
method for estimating the 700°C x 100.000 h rupture strength. The high-temperature corrosion test was conducted by 
immersing the steel specimen in simulated coal-fired boiler ash of K2SO4 : NajSCU : Fe 2 (S0 4 ) 3 = 0.28 : 0.2 : 0.5 (mass 
ratio) for 200 h and then measuring the corrosion weight loss. The test results are shown in Table 2. 

Among the steels shown in Tables 1 and 2, A - J are invention steels and K - U are comparison steels Among the 
comparison steels, K corresponds to the widely used SUS347H. The invention steels have high-temperature strengths 
and high-temperature corrosion resistance properties that are very superior in comparison with the SUS347H steel 
Among the comparison steels. L - O are examples having low high-temperature strength because they contain neither 
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Mo or W and their Nb or B content is outside the range of the invention. P - U are examples with relatively high high- 
temperature strength but having poor high-temperature corrosion resistance property notwithstanding addition of Mo 
alone or in combination with W, owing to large Mo content. 

Figure 1 shows the effect of Mo and W on the high-temperature corrosion resistance property of 20 Cr - 25 Ni steel. 

5 While corrosion weight loss is large when Mo is added alone (• in the drawing), it will be noted that the high-temperature 
corrosion resistance property is improved when W is added in combination at 1 .5% (A in the figure). It can further be 
seen that the corrosion weight loss does not change when W is added alone (□ in the figure). 

Figure 2 compares the creep rupture strengths and high-temperature corrosion weight losses of invention steels 
and comparison steels. It can be seen that the comparison steels are inferior in one or both of the high-temperature 

io strength and the high-temperature corrosion resistance property, while the invention steels excel in both high-tempera- 
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ture strength and high-temperature corrosion resistance property. 
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Table 2 (continued from Table 1) 
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Industrial Applicability 

55 This invention enables realization of an austenitic heat-resistant steel that is excellent in weldability and secures 
high-temperature strength and high-temperature corrosion resistance property. It facilitates application of high-strength 
steel to high-temperature, high-pressure boilers and enables a reduction of implementation cost. 
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Claims 



1. 



2. 



A high-strength austenrtic heat-resistant steel excellent in weldability and good in high-temperature corrosion resist 
ance property characterized in that it comprises, in mass percent. temperature corros.cn resist- 



C: 


less than 0.02%, 


Si: 


not more than 1.5%, 


Mn : 


0.3-1.5%, 


P : 


not more than 0.02%, 


S: 


not more than 0.005%, 


Cr: 


18-26%, 


Ni: 


20 - 40%, 


W: 


0.5-10.0%, 


Nb: 


0.05 - 0.4%, 


Ti : 


0.01 - 0.2%, 


B: 


0.003,- 0.008%, and 


N : 


0.05-0.3%, 



the balance being Fe and unavoidable impurities. 
Mo: 0.5-2.0%. 

A high-strength austenitic heat-resistant steel excellent in weldability and good in high-ternDerature corrosion r~i*t 
ance property according to claim 1 or 2 further containing one or more of temperature corrosion resist- 

: 0.001 - 0.05%, 

Ca : 0.001 - 0.05%, and 

Rare earth elements (REM) : 0.001 - 0.15%. 
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